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ABSTRACT 

Dugesia gonocephala s.l. is often considered to be a “super- 
species” comprising numerous component “microspecies” 
which are morphologically, karyologically, and reproductively 
delimited. We have studied populations of D. gonocephala 
from France, Belgium and The Netherlands and found them 
to be fairly uniform in respect of most features studied. 
Nevertheless, discrepancies between them and the “classical’’ 
concept of this species as embodied in the literature have 
raised doubts as to the status and identity of D. gonocephala 
s. str. A proper understanding of the relationships of the 
D. gonocephala group can not be obtained without resolution 
of this problem. 

INTRODUCTION 

This study is a development of faunistic work on 
the freshwater triclads of the dept. Pas-de-Calais 
in northern France. During the course of that 
work problems arose concerning the identity and 
status of the locally occurring populations of Du - 
gesia gonocephala, for their anatomy seemed not 
to conform with the standard descriptions of that 
species in numerous papers and handbooks. Duge¬ 
sia gonocephala, the type species of the genus, and 
of the family Dugesiidae (Ball, 1974), is a com¬ 
mon and widespread freshwater triclad species in 
the Old World. Supposedly one of the best known 
of all freshwater planarians, the question of its 
status and taxonomy has always been a complex 
one. 

According to Dahm (1958, 1967), Benazzi 
(1955) and Benazzi & Benazzi-Lentati (1976) 
Dugesia gonocephala is to be thought of as a 
“superspecies’* comprising numerous “microspe¬ 
cies” occurring in Europe, Asia and Africa, and 
which are reproductively isolated and morpholog¬ 
ically differentiated with respect to the structure 
of the copulatory apparatus. As Dahm (1967) has 
pointed out, the natural relationships of the com¬ 
ponent populations are still difficult, and often 
impossible, to evaluate at present. But if this is to 
be achieved then it is necessary to have a clear 


knowledge of the structure of Dugesia gonocepha¬ 
la sensu stricto, and therein lies the problem. 

Dugesia gonocephala was originally named and 
described by Duges (1830), apparently from spec¬ 
imens collected in the general area of Montpel¬ 
lier, France. Only the external features were de¬ 
scribed and Schmidt (I860) was the first to study 
and describe the copulatory apparatus. His account 
was refined and amplified by Ude (1908) who 
redescribed the species on the basis of specimens 
from the vicinity of Graz, Austria. However, in 
this description Ude was in error concerning the 
position of the oviducts and this error was per¬ 
petuated in the classic works of Bohmig (1909), 
Steinmann & Bresslau (1913) and Von Graff 
(1912-1917). The original slides of Ude were 
re-examined by Meixner (1928) who noted and 
corrected this significant error. Nevertheless, the 
error continued to appear in more recent publica¬ 
tions, apparently on the assumption that, since D. 
gonocephala is so familiar a species, repetition of 
the older figures by Ude and Bohmig is sufficient 
(e.g. Den Hartog, 1962). 

As will be seen the species is not so well known 
as is generally supposed. We have found it diffi¬ 
cult to find specimens that correspond to the clas¬ 
sical figures of Bohmig and Ude, particularly in 
respect of the morphology of the penis and male 
atrium, and notwithstanding the fact that both 
Stoppenbrink (1905, material from Bonn, W. 
Germany) and De Beauchamp (1961, unspecified 
material) appear to have done so. Consequently 
we have undertaken a more thorough analysis of 
several European populations of Dugesia gono¬ 
cephala, not only in respect of the morphology of 
the copulatory apparatus, but also including histo¬ 
logical and karyological data together with studies 
on the structure of the pharynx, all characters that 
have come to assume some importance in modern 
planarian taxonomy. 
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MATERIALS AND METHODS 

The newly collected specimens used in this study were ob¬ 
tained from the following localities: 

France. — A small tributary of the river Slack, northwest 
of Rety, Pas-de-Calais. Collected by E. J. de Vries in 
October 1977 and October 1978. 

Belgium. — Ruisseau de la Fontaine, near Lorce, Harze la 
Gleize, Ardennes. Collected by Hilde Veenstra, Novem¬ 
ber 1978. 

The Netherlands. — Small stream northeast of Vlodrop, 
Zuid-Limburg. Collected by B. Pex and E. J. de Vries, 
April 1979. — Small stream between the villages of 
Mechelen and Epen, Zuid-Limburg. Collected by B. Pex 
and E. J. de Vries, April 1979- — Spring near Broek, 
Epen, Zuid-Limburg. Collected by Ronald A. Gase, July 
1979. 

All these populations have been studied morphologically 
and karyologically according to the usual methods as given, 
for example, by Ball & Gourbault (1975). 

For comparative studies additional museum material, as 
serial sections, was examined, as follows: 

France. — Dugesia gonocephala from the vicinity of Paris. 


Part of the collections of the late Professor P. de Beau¬ 
champ now housed in the Museum National d’Histoire 
Naturelle, no. 262, sagital sections on three slides, and no. 
167, sagittal sections on two slides. 

Zaire. — Dugesia gonocephala from the Parc National de 
l’Upemba. Part of the material described by Marcus (1$>53) 
and now housed in the collections of the Naturhistoriska 
Riksmuseet, Stockholm. No. 726, sagittal sections on two 
slides, and no. 752, sagittal sections on two slides. 
Southern Europe. — Several uncatalogued and undocu¬ 
mented slides of Dugesia benazzi, D. sicula, D. etrusca, 
D. monoadenodattila and D. ilvana loaned by Professor 
M. Benazzi, Istituto di Zoologia e Anatomia Comparata, 
Universita di Pisa. 

RESULTS AND DISCUSSION 

Individuals from all of the populations studied 
had the typical shape, size and colour of Dugesia 
gonocephala and all the populations were sexually 
reproducing. The general anatomy of the copula- 



344 


E. J. DE VRIES & I. R. BALL - DUGESLA GONOCEPHALA 


tory apparatus was also similar in all the popula¬ 
tions (figs. 1 and 2) but they differed from the 
classical descriptions of Ude (1908) and Bohmig 
(1909) in respect of three principal features, viz. 
(a) the anatomy of the penial papilla, (b) the 
form and musculature of the atrium, and (c) the 
histology of the bursal canal. These will be de¬ 
scribed and discussed in turn, followed by com¬ 
ments on (d) pharyngeal structure and (e) kary- 
ology. 

(a) The penial papilla. — The penis is 
of the normal triclad construction with well- 
developed muscular bulb and elongate conical pa¬ 
pilla (figs. 1 and 2). Within the bulb there is a 
cavity, the seminal vesicle, which is separated by 
a diaphragm from the ejaculatory duct which runs 
medially through the penial papilla to open at its 
tip. The most striking feature of the papilla is the 
strong fold, or invagination, at its base. At first 
sight this may be thought to be an artifact, com¬ 
parable to that found in some specimens of Duge¬ 
sia festai from Lake Titicaca which led Hyman 
(1939) to describe them, erroneously, as a new 
species (Hyman, 1951). But the fact that they are 
present in all the specimens sectioned, whatever 
the state of contraction or relaxation (figs. 1 and 
2) and are to be seen also in some of the material 


of De Beauchamp from near Paris (fig. 3) con¬ 
vinces us that the fold is real. Certainly its distinct¬ 
ness is partly dependent upon the state of relaxa¬ 
tion of the penis, but it is always present. 

This penial fold seems not to have been de¬ 
scribed for any specimens of Dugesia gonocephala 
s.str.; it cannot be seen in any of the illustrations 
from the many papers already cited. Superficially 
it is similar to a condition found in some Oriental 
species described by Ball (1970) and Kawakatsu 
et al. (1976). But in Dugesia batuensis this fold is 
certainly of different origin because it is well de¬ 
veloped in partially mature individuals in which 
the atrium has differentiated, but not yet the penis 
(Ball, 1970). Thus in this species the fold is truly 
a part of the atrial wall, whereas in our material 
of Dugesia gonocephala it is clearly a part of the 
penis itself. 

The situation with Dugesia japonica is more 
complicated. This is a highly variable, polytypic, 
species (Kawakatsu et al., 1976), many popula¬ 
tions of which show peculiarities of the penis/ 
atrium. The strong folds at the base of the penis 
clearly are considered by Kawakatsu et al. to be¬ 
long to the penis and not to the atrium. Whether 
or not they are homologous with those here de¬ 
scribed for D. gonocephala can only be decided 
by developmental studies. 



Fig. 2. Dugesia gonocephala, diagrammatic sagittal section of the copulatory organs viewed from the left side (cf. fig. 
lA). Abbreviations: be, bursa copulatrix; bs, bursal canal; dp, diaphragm; go, gonopore; ma, male atrium; mr, muscular 
ridge; ov, oviduct; pb, penis bulb; pf, penial fold; sg, shell glands; sv, seminal vesicle; vd, vas deferens. 
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Fig. 3. Dugesia gonocephala (De Beauchamp collection, no. 262), sagittal section through the base of the penis papilla, 
X 250. Abbreviations: dp, diaphragm; pf, penial fold; pp, penis papilla. 
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(b) The atrium. — The atrium is the cavity 
which houses the penis, receives the openings of 
the female ducts, and opens to the exterior by a 
gonopore. According to Stoppenbrink (1905) the 
atrium of Dugesia gonocephala is lined with a 
ciliated epithelium but, in common with all other 
workers, we have always found cilia to be lacking. 
The characteristic atrial feature of the populations 
we have studied is its marked division by an an¬ 
nular muscular ridge into a male and a common 
atrium, the gonopore opening into the latter. This 
annular ridge is easily recognized by its highly de¬ 
veloped circular and longitudinal musculature and 
by its glandular nature (figs. 1 and 2). Con¬ 
traction of the circular muscles emphasizes the 
division of the atrium, whereas their relaxation 
will result in a wide opening between the male 
and common atria through which the penis can be 
extended during copulation. 

Traditionally the atrium of D. gonocephala is 
described as being undivided (Ude, 1908; Dahm, 
1958) in contradistinction to what we have found. 
Ude (1908) mentioned that Ijima (1887) had 
found a circular fold dividing the atrium but he 
himself had not observed it. Stoppenbrink (1905) 
also mentioned an atrial fold in his material al¬ 
though it is not really apparent in his figures. 
Variability of the atrium, perhaps caused by co¬ 
coon deposition, was reported by Marcus (1953) 
for his specimens from Zaire, but no true atrial 
fold was found in any of his material examined by 
us. Certain Mediterranean forms, viz. Dugesia il- 
vana and D. sicula, of the D. gonocephala group 
have been described as having a divided atrium 
(Lepori, 1951) but in these forms the point of 
division lacks the muscular and glandular speciali¬ 
zation that we have observed, especially the strong 
annular musculature of the muscular ridge (figs. 1 
and 2). 

(c) The bursal canal. — The musculature 
of the bursal canal of planarians has, in recent 
times, assumed considerable taxonomic importance. 
According to Ball (1974) the primitive condition 
in triclads is of a two-layered musculature con¬ 
tinuing the sequence of the bodywall, and thus 
comprising inner circular and outer longitudinal 
fibres. In some of the Dugesiidae, however, the 


muscle layers have become reversed so that the 
longitudinal fibres form the immediately subepi- 
thelial layer. Such is the case in Dugesia gono¬ 
cephala. 

Dugesia burmaensis (Kaburaki, 1918) and D. 
astrocheta Marcus, 1953, are unusual in that they 
possess a third continuous outer layer of longitu¬ 
dinal muscles extending the length of the bursal 
canal. In many of the other species of the super¬ 
species such an extra layer of fibres is confined to 
the vaginal region of the canal and has been re¬ 
ferred to by Ball (1974) as “ectal re-inf orcement”. 

In most previous descriptions of Dugesia gono¬ 
cephala s.str. such ectal re-inforcement has not 
been described. Nonetheless it is present in the 
French, Belgian and Dutch specimens studied 
here. Moreover, the extra-longitudinal fibres ex¬ 
tend far beyond the vaginal region of the bursal 
canal, although they do not quite reach the bursa 
itself (fig. 2). Interestingly enough, Stoppenbrink 
(1905) described outer longitudinal fibres extend¬ 
ing as far as the bursa. A similar extension is 
also known for some populations of Dugesia japo - 
nica (Kawakatsu et al., 1976), a species once con¬ 
fused with D. gonocephala. 

The functional significance of the extra layer 
is not known and its evolutionary significance 
cannot adequately be assessed without further in¬ 
formation on its geographic and taxonomic distri¬ 
bution. 

Traditionally the epithelium of the bursal canal 
of Dugesia gonocephala has been described as nu¬ 
cleate (Meixner, 1928). Marcus (1953), however, 
suspected that in this species this character is as 
variable as it is in the New World Dugesia 
(Girardia) tigrina. Our findings confirm this 
opinion. In the Belgian material the epithelium of 
the bursal canal is indeed nucleate, but in all the 
French populations it is infranucleate. Both con¬ 
ditions were found in specimens from the Nether¬ 
lands, even in fully mature individuals from the 
same population. 

(d) The pharynx. — The outer musculature 
of the pharynx of aquatic triclads consists of two 
layers, an outer subepithelial layer of longitudinal 
fibres and an inner zone of circular fibres. Kenk 
(1930) drew attention to the fact that in Dugesia 
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Fig. 4. Dugesia gonocepbala, longitudinal section through the pharynx of a specimen from Zuid-Limburg, The Netherlands, 
X 270. Abbreviations: cm, circular muscle; lm, longitudinal muscle; lu, lumen of the pharynx. 


gonocepbala there is a third layer, comprising 
longitudinal fibres, internally to the circular layer, 
which may be of taxonomic importance in delimit¬ 
ing D. gonocepbala s.str. from other members of 
the species group. Many subsequent workers have 
attached discriminatory significance to this charac¬ 
ter (Marcus, 1953, 1955; Dahm, 1967; Ball, 
1970, 1974; Young & Young, 1974), whereas De 
Beauchamp (e.g. 1936) always maintained that 
this feature is variable in D. gonocepbala and is 
therefore not as valuable a taxonomic character as 
is sometimes thought. 

Our own findings confirm De Beauchamp's 


opinion. Most individuals of the populations we 
studied possessed a recognizable third layer of 
longitudinal muscle fibres, but it could not be seen 
in all of them. In some individuals the third layer, 
although present, was rather diffuse and scattered, 
strong in some parts of the pharynx and weak or 
absent in others. This is particularly evident from 
fig. 4; the third layer disappears to the left of the 
picture. It is also noteworthy that in material we 
have examined from Corfu (cf. Ball, 1978) the 
third muscle layer is totally absent although in all 
other respects the material conforms to Dugesia 
gonocepbala as we know it. 


Table I 

Relative lengths (r.l.) and centromeric indices (c.i.) with standard deviations, of the 8 chromosome pairs of Dugesia gono¬ 
cepbala from Belgium (6 plates/4 individuals). The Netherlands (24/5) and France (6/3). 


Chromosome 

Belgium 

Netherlands 


France 


r.l. 

c.i. 

r.l. 

c.i. 


r.l. 

c.i. 

1 

16.24 ± 1.26 

43.55 ± 2.68 

16.74 ± 1.42 

45.26 ± 

3.69 

16.71 ± 0.75 

45.05 ± 2.22 

2 

14.45 ± 0.78 

47.06 ± 2.85 

14.35 ± 0.96 

45.12 ± 

4.29 

13.69 ± 0.68 

47.59 ± 1.62 

3 

13.18 ± 0.39 

45.82 ± 2.72 

13.31 ± 0.65 

45.36 ± 

3.71 

13.09 ± 0.48 

47.74 ± 1.45 

4 

12.41 ± 0.77 

44.04 ± 2.78 

12.33 ± 0.62 

45.83 ± 

2.72 

12.06 ± 0.72 

46.17 ± 2.75 

5 

11.79 ± 0.42 

44.33 ± 3.13 

11.72 ± 0.58 

46.06 ± 

3.91 

11.86 ± 0.61 

43.25 ± 2.56 

6 

11.02 ± 0.49 

44.57 ± 2.17 

11.17 ± 0.52 

45.51 ± 

2.85 

11.18 ± 0.27 

47.64 ± 1.75 

7 

10.99 ± 0.96 

47.95 rt 2.08 

10.64 ± 0.57 

43.96 ± 

3.45 

11.14 ± 0.44 

45.58 ± 3.34 

8 

9.97 ± 0.49 

43.26 ± 5.41 

9.91 ± 0.81 

46.10 ± 

3.18 

10.48 ± 0.56 

47.78 ± 1.90 
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Thus we counsel caution in using the pharyn¬ 
geal musculature as a character distinguishing Du- 
gesia gonocephala s.str. from its close relatives. 

(e) Karyology. — Treatment of several spec- 
cimens from each of the five populations yielded 
many countable metaphase plates all comprising 16 
chromosome pairs (fig. 5). Karyometric data for 
several of the most clear plates are given in table I. 
The chromosomes of all the populations decrease 
gradually in size, the largest size interval being be¬ 
tween the first and second chromosome. The cen- 
tromeric index is more variable, resulting some¬ 
times in matching difficulties, and hence the high 
values for some of the standard deviations. How¬ 
ever, in all cases the centromere is situated in the 
median region of the chromosome and thus they 
fall into the m group (Levan et al., 1964), which 
is “metacentric” in the terminology of Benazzi & 
Benazzi-Lentati (1976). 

The karyology of the investigated populations is 
in accord with other published data on Dugesta 
gonocephala . It must be stated, however, that de¬ 
tailed comparison is not always easy since many 
authors do not give precise data concerning the 
relative lengths and centromeric indices of the chro¬ 
mosomes. The gradual decrease in length of the 


elements, and the variation in centromere position 
as described by Dahm (1958, 1963) and Benazzi 
& Benazzi-Lentati (1976) are almost identical to 
those we have found. Dahm (1967) reported a 
“striking” difference between the first and second 
chromosomes of specimens from central Europe, 
but since he provided no exact numerical data it is 
difficult to know precisely how “striking” the dif¬ 
ference he found actually is. Nevertheless our data 
are in accord with Dahm’s findings. The data 
from Corfu are also similar with the exception that 
elements 3 and 5 have a much lower centromeric 
index (Ball, 1978). 

Variation in chromosome morphology between 
the populations is not high, but it does occur. 
Therefore it seems that Dahm (1963) was pre¬ 
mature in suggesting that European and Japanese 
members of the Dugesta gonocephala group could 
be separated by differences in the centromeric in¬ 
dex of the fourth pair of chromosomes. More re¬ 
cently Kawakatsu et al. (1976) and Tamura et al. 
(1978) have presented data that may form a basis 
for distinguishing the European and Japanese spe¬ 
cies karyologically. 

Although all the populations here studied were 
sexual diploids with a basic haploid number of 8, 
considerable variation may be found in members 



Fig. 5. Dugesta gonocephala, metaphase plates, 2n = 16. A, northern France; B, Belgium; C, The Netherlands. 
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of the species group. In some species the basic 
number is 9 (Benazzi, 1949; Bromley, 1974; 
Gourbalt & Benazzi, 1979) and polyploidy and 
supernumerary chromosomes may occur. The ap¬ 
parent polymorphism of Dugesia gonocephala 
s.str. coupled with the relative uniformity of its 
karyotype is thus noteworthy. 

CONCLUSIONS 

We have demonstrated that the herein studied 
West-European populations of Dugesia gono¬ 
cephala differ from the typical form, or at least 
the classic concept of the typical form, particularly 
in peculiarities of the morphology and histology of 
the copulatory apparatus. We have found these 
same “peculiarities” in material from Corfu, 
Greece and they seem also to be present in the 
figures of Dugesia gonocephala from Austria, Ger¬ 
many and Denmark given by Kawakatsu (1971: 
fig. 5; an English version of the Japanese legend 
is given in Kawakatsu, 1972: 63). It seems prob¬ 
able that the described “peculiarities” are in fact 
representative of the more common forms of Du¬ 
gesia gonocephala s.str. in Europe. Is it possible 
that Ude (1908) has studied a rather unusual type 
that is not widely distributed? Since his figure and 
description have been so widely incorporated into 
the current literature it may be that current con¬ 
cepts of the species, in its restricted sense, are not 
representative. 

Though many forms and species of the Dugesia 
gonocephala group have been described in great 
detail, yet there remains confusion and uncertainty 
over the interpretation of the natural relationships 
within this group. It is clear from the present 
study that many questions concerning the species 
remain unanswered. Just what are the limits of 
morphological and karyological variation? What 
are the geographical ranges of the different forms, 
and are they partly or wholly reproductively iso¬ 
lated? Elucidation of these problems can only be 
achieved by further study of diverse populations of 
this so-called “well-known” species. 
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